Data Description {#sec1}
================

The Chinese white wax scale insect (*Ericerus pela*), silkworm (*Bombyx mori*), and honeybee (*Apis cerana*) are 3 traditionally domesticated insect species in China. *E. pela* (NCBI:txid931557) is best known for its wax production (Fig. [1](#fig1){ref-type="fig"}). The useful properties of the wax secreted by this insect mean that it is harvested for candles and polishes, as well as for food, medicine, and the cosmetics industries in China and Japan \[[@bib1]\]. Insect wax--based materials are derived from white wax (produced by *E. pela*) and yellow wax (produced by *A. cerana*). However, *E. pela* is the main wax producer. Each individual white scale insect produces, on average, ∼0.45 mg of wax on the host tree, glossy privet (*Ligustrum lucidum*) \[[@bib8]\]. Annual wax production ranges from 300 to 500 tons and creates revenue of ∼60--100 million Chinese yuan. The long-chain alcohols made from white wax and other white wax products have additional economic value.

![The branches of a Chinese glossy privet tree covered by a white wax layer secreted by *Ericerus pela. E. pela* insects gather and assemble one by one on the branches, and secrete wax continuously to form a layer that covers their bodies. The *E. pela* individuals are not visible because they are covered by the wax layer.](giz113fig1){#fig1}

*E. pela* is a typical scale insect, of which wax secretion is the most striking feature. There are 2 major groups, archaeococcoids and neococcoids, and ∼8,000 species of scale insect. The neococcoids, which is the most recently evolved group, includes 17 families, including the Coccidae, Pseudococcidae, and Dactylopiidae. Some of these species are important pests or resource insects \[[@bib9]\]. *E. pela* belongs to the family Coccidae and is the only species in the genus *Ericerus*. The "scale" part of the common name derives from the protective cover commonly formed by wax secretions on this type of insect. The wax secretions have antimicrobial activity and hydrophobic properties, which serve protective functions. The secretions of some scale insect species have been applied in industrial fields \[[@bib2], [@bib12]\].

In the husbandry process, insects are fed and deposit their secretions on the branches of certain species of *Ligustrum* (privet) trees. These secretions are harvested and boiled in water to extract the raw wax. At the end of the process, the leftover insect bodies are used as animal feed.

Before the diversification of angiosperms, ancestral scale insects were initially ground leaf-litter dwellers. Many of the special features of scale insects are legacy adaptations to this ancestral lifestyle. With the increasing predominance of seed plants, scale insects evolved to inhabit the aerial parts of seed plants. This exposed living environment, with its associated increased risk of predation, placed selective pressure on scale insects. Their protective cover enhances their survival. Wax secretion is a special survival strategy that arose from adaptation to a sedentary lifestyle on host plants \[[@bib12], [@bib13]\].

Apart from wax secretion, perhaps the best-known feature of scale insects is their sexual dimorphism. The females have reduced or lost appendages, and their bodies are spherical. Males and females are sexually dimorphic in many aspects and appear to be 2 different species \[[@bib1], [@bib4], [@bib5]\]. Sexual dimorphism is beneficial for male courtship and female reproduction in *E. pela*, and makes full use of the resources within a habitat. Because it is a typical scale insect, the study of *E. pela* provides opportunities for investigating the mechanism of wax secretion, as well as the adaptive evolution of scale insects in specific environments.

Using transcriptome and gene expression profiles, and gene cloning and expression techniques, we previously studied the molecular biology of white wax biosynthesis in these scale insects, as well as their sexual dimorphism, antifreeze biology, and microbial symbiosis \[[@bib1], [@bib12]\]. However, no genomic data are currently available for *E. pela*, which hinders further study of the biology and genetics of this insect. In this study, we constructed 7 libraries, with different insert sizes for Illumina and Pacific Biosciences (PacBio) sequencing, and assembled the *E. pela* genome. This information will aid breeding and variety selection of this species and will be useful in species conservation. In addition, the genome will provide insight into the phylogenetic relationships between *E. pela* and other insects in the tree of life, and the relationships between families of other scale insects. The data will inform insect systematics and evolutionary research and could help to fill gaps in phylogenetic research and the genomic basis of insect diversity.

Sample preparation and library construction {#sec1-1}
-------------------------------------------

Individual *E. pela* insects from the Kunming geographical population were reared at the Research Institute of Resource Insects, Kunming, China. Each individual can produce thousands of offspring. The offspring produced by 1 individual were reared on 1 host tree (*L. lucidum*) planted in 1 flowerpot. To remove microbial symbionts, female adults were washed 3 times with double-distilled water for 5 min and then dissected in phosphate-buffered saline (pH 7.4) under a stereomicroscope. The cuticle, gut, ovaries, etc., were then detached carefully, and the remaining tissue was washed 3 times in cold phosphate-buffered saline for 5 min. More than 20 individuals were used for genomic DNA isolation.

The samples were crushed to powder in a mortar with liquid nitrogen. Then, 3 mL of lysis buffer (10 mM Tris-HCl, 400 mM NaCl, 2 mM ethylenediaminetetraacetic acid \[EDTA\]-2Na, and 0.8 M guanidine hydrochloride), 20 µL of proteinase K (50 mg/mL), and 200 µL of sodium dodecyl sulfate were added. The solution was incubated at 56°C for 45 min. Next, 3.5 mL of isolation buffer (240 mL chloroform, 10 mL isoamyl alcohol, and 250 mL Tris-phenol) was added to the solution before centrifugation at 4,700 rpm for 10 min. The supernatant was transferred to a new tube, and the isolation step was repeated. Then, 3 mL of isopropyl alcohol (precooled to --20°C) was added to the supernatant. The DNA precipitate was obtained and washed with 70% (v/v) ethanol. Then, 100 μL of Tris-EDTA was added to dissolve the DNA after the ethanol had completely volatilized. To degrade the RNA, 2 μL of RNase A (10 mg/mL) was added. The DNA concentration was determined with a NanoDrop 8000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) and a Qubit fluorometer (Invitrogen, Carlsbad, CA, USA). DNA quality was tested by pulsed-field gel electrophoresis.

Six libraries with a gradient of insert sizes (200, 350, and 500 bp and 2, 5, and 10 kb) ([Additional Table S1](#sup11){ref-type="supplementary-material"}) were constructed for second-generation sequencing. For each of the 3 small-insert-size libraries, 2 μg of genomic DNA (concentration ≥20 ng/µL) was separately broken into 200-bp, 350-bp, or 500-bp fragments by an ultrasonic processor. After end-repair, A-tail addition, sequence adaptor addition, purification, and PCR, the libraries were constructed according to the manufacturer\'s protocol (Illumina, San Diego, CA, USA).

To construct each of the 2-kb, 5-kb, and 10-kb libraries, ∼20 µg of genomic DNA was fragmented by an ultrasonic processor. After end-repair, the fragments were biotinylated. Target fragments were selected on an agarose gel. To capture circular self-ligated DNA fragments, the DNA was fragmented again and biotinylated. After purification with M-280 streptavidin Dynabeads (Invitrogen), the fragments were end-repaired, the A-tail was added, and the adaptor was ligated to the fragments. PCR amplification was performed, and 400--600-bp products were selected on an agarose gel and purified. The library was then quantitated with a Qubit 2.0 fluorometer and diluted to 1.5 ng/µL. The insert size of the libraries was detected on an Agilent 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA). Real-time quantitative PCR was performed to quantify the libraries. Libraries were then sequenced on Illumina HiSeq 2500 (the 3 small-insert-size libraries), HiSeq 2000 (2-kb, 5-kb libraries), and HiSeq x-ten (10-kb library) system (Illumina).

A PacBio 20K library was constructed for third-generation sequencing. Approximately 10 µg of genomic DNA was broken into fragments of ∼17 kb. The fragments were digested by exonuclease VII, damage-repaired, and end-repaired. The fragments were then ligated with adaptors overnight. After enzyme digestion and fragment size selection, the library was constructed. The templates were annealed with primers, subjected to polymerase binding, and sequenced on a PacBio Sequel system (Menlo Park, CA, USA) using the MagBead loading model.

Data processing and genome evaluation and assembly {#sec1-2}
--------------------------------------------------

Sequence quality was assessed by sequence quality distribution, error rate distribution, and guanine-cytosine content analyses. Raw data were filtered as follows: (i) adaptor sequences were removed; (ii) when the N content in the reads obtained from single-end sequencing was \>10%, the paired reads were removed; and (3) when the percentage of low-quality bases in the reads obtained from single-end sequencing was \>50%, the paired reads were removed.

Error correction was performed to correct the filtered data of the 3 small-insert-size libraries. Sequencing errors can result in new *k*-mers with low frequencies. A *k*-mer frequency of 10 was considered the cut-off between low and high frequencies for error correction. Some bases in the reads that had a low frequency were corrected to ensure that the reads had a high frequency \[[@bib14]\].

The *k*-mer method \[[@bib14]\] was used to examine *E. pela* genome size and heterozygosity before genome assembly. To generate a 17-mer depth frequency curve, 25,370,340,375 bp of high-quality data were used (Fig. [2](#fig2){ref-type="fig"}). There was 1 peak in the curve, located at ∼28 bp. The total *k*-mer number was 22,122,936,807. The genome size was calculated to be 0.79 Gb, according to the following formula: $$\documentclass[12pt]{minimal}
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}{}$$\begin{equation*}
{\rm{Genome\,Size = k-mer\_num/Peak\_depth}}
\end{equation*}
$$\end{document}$$([Additional Table S2](#sup11){ref-type="supplementary-material"}) \[[@bib14]\]. There was no heterozygosity peak in the *E. pela* genome (Fig. [2](#fig2){ref-type="fig"}).

![Read distribution obtained from 17-mer analysis. X-axis shows the sequencing depth. Y-axis shows the proportion of *k*-mers from a sequencing depth to the total number of *k*-mers.](giz113fig2){#fig2}

The filtered data were first assembled into contigs using Platanus software (1.2.1, Platanus, [RRID:SCR_015531](https://scicrunch.org/resolver/RRID:SCR_015531)) \[[@bib15]\]. Then, contigs and PacBio sequence data were used to assemble scaffolds using the DBG2OLC method \[[@bib16]\]. A total of 247 Gb of second-generation data and 30 Gb of third-generation data were used for assembly. Owing to the high error rate of PacBio sequencing, the scaffolds had many minor errors. Error correction was performed using the second-generation and third-generation sequencing data. Preliminary corrections were conducted by Pilon 1.22 software (Pilon, [RRID:SCR_014731](https://scicrunch.org/resolver/RRID:SCR_014731)), based on the alignment of second-generation sequencing data with the assembled sequences. The scaffold was further constructed using SSPACE software (SSPACE, [RRID:SCR_005056](https://scicrunch.org/resolver/RRID:SCR_005056)) \[[@bib17]\], and PacBio sequence data were used to fill the gaps in the scaffold using the PBJelly program (PBJelly, [RRID:SCR_012091](https://scicrunch.org/resolver/RRID:SCR_012091)) \[[@bib18]\]. Finally, Polish software was used to perform the second error correction.

The *E. pela* genome was finally assembled into a 0.66-Gb genome, consisting of 1,979 scaffolds. The N50 of the scaffolds was 735,622 bp, and the N50 of the contigs was 660,240 bp (Table [1](#tbl1){ref-type="table"}). The genome size was similar to that of *Bemisia tabaci* (658 Mb) \[[@bib19]\] and *Sogatella furcifera* (720 Mb) \[[@bib20]\], smaller than that of *Nilaparvata lugens* (1,141 Mb) \[[@bib21]\], and larger than that of *Acyrthosiphon pisum* (464 Mb) \[[@bib22]\].

###### 

Data about the genome assembly of *Ericerus pela*

   Type                 Contig        Scaffold                 
  --------------------- ------------- ---------- ------------- -------
  N90                   146,803       1,066      160,747       964
  N80                   279,168       744        309,099       673
  N70                   420,664       554        455,420       502
  N60                   530,834       414        594,019       375
  N50                   660,240       302        735,622       275
  Maximum length        4,102,106                4,102,106     
  Total length          660,732,850              660,870,788   
  Total No. (≥100 bp)                 2,173                    1,979
  Total No. (≥2 kb)                   2,168                    1979

The genome assembly statistical analysis included contig and scaffold.

The guanine + cytosine content of the *E. pela* genome was 33.80%, which was similar to that of *N. lugens* (34.60%) and *S. furcifera* (31.60%). However, it was lower than that of *B. tabaci* (39.00%) and higher than that of *A. pisum* (29.60%).

Genome assembly analysis {#sec1-3}
------------------------

After genome assembly, the sequencing depth was calculated by SOAP coverage 2.27 (SOAP, [RRID:SCR_000689](https://scicrunch.org/resolver/RRID:SCR_000689)) \[[@bib23]\]. Four transcriptome data sequences \[[@bib3]\] were used as query sequences and mapped to the assembled genome sequence. Coverage of the assembled sequences by transcriptome sequences was tested. BUSCO software (version 3, BUSCO, [RRID:SCR_015008](https://scicrunch.org/resolver/RRID:SCR_015008)) \[[@bib24]\] was used to evaluate coding gene completeness.

Reads from 4 transcriptomes were mapped to the *E. pela* genome. The results showed that 88.41%, 86.67%, 86.26%, and 91.03% of the reads from the 4 transcriptomes \[[@bib3]\] were mapped to the genome.

Repeat sequence annotation {#sec1-4}
--------------------------

Tandem repeat sequences were identified using TRF software \[[@bib25]\]. Interspersed repeat sequences (transposons) were identified using RepeatMasker and RepeatProteinMask software, based on the Repbase database. *De novo* prediction was performed using RepeatMasker software, which is based on the database from RepeatModeler (RepeatModeler, [RRID:SCR_015027](https://scicrunch.org/resolver/RRID:SCR_015027)). Non-redundant results were obtained after all of the results predicted above were combined, and overlapping results were removed.

The *E. pela* genome contained 55.06% repeat sequences (Table [2](#tbl2){ref-type="table"}), which is more than in *N. lugens* (48.6%) \[[@bib21]\] and *A. pisum* (33.3%) \[[@bib22]\].

###### 

Transposable element (TE) content in the *Ericerus pela* genome

   Type     Repbase TEs   TE proteins   *de novo*   Combined TEs                                 
  --------- ------------- ------------- ----------- -------------- --------- --------- --------- ---------
  DNA       6,232         0.9430        1,231       0.1863         34,058    5.1535    38,500    5.8256
  LINE      1,633         0.2470        99          0.0149         2,996     0.4533    4,607     0.6971
  SINE      20            0.0030        0           0              1,477     0.2235    1,492     0.2257
  LTR       26,102        3.9497        53,919      8.1588         130,662   19.7712   141,133   21.3555
  Other     16            0.0024        0           0              0         0         16        0.0024
  Unknown   0             0             0           0              197,674   29.9112   197,674   29.9112
  Total     32,011        4.8437        55,246      8.3596         359,819   54.4462   363,875   55.0599

Abbreviations: LINE, long interspersed nuclear element; LTR, long terminal repeat; SINE, short interspersed nuclear element; TE, transposable element.

The transposable elements (TEs) in *E. pela*, identified through *de novo* prediction, showed a peak sequence shift compared with those identified through a homology-based approach ([Additional Figure S1](#sup11){ref-type="supplementary-material"}). This suggests the recent evolution of DNA transposons, which is similar to the pattern observed for the genome of *N. lugens* \[[@bib21]\].

Gene prediction and annotation {#sec1-5}
------------------------------

Protein homology-based gene prediction was performed using BLASTN (BLASTN, [RRID:SCR_001598](https://scicrunch.org/resolver/RRID:SCR_001598)) \[[@bib26]\]. The genomes of 8 insect species (*A. pisum, Apis mellifera, B. tabaci, B. mori, Drosophila melanogaster, Nasonia vitripennis, Pediculus humanus*, and *Tribolium castaneum*) were selected as references for homology prediction. Alignment was performed using BLAST, with a TBLASTN e-value cut-off of 1e--05. Alignment results were ordered and filtered using Solar software (SOLAR, [RRID:SCR_000850](https://scicrunch.org/resolver/RRID:SCR_000850)), according to an alignment rate of 0.33. Then, GeneWise (GeneWise, [RRID:SCR_015054](https://scicrunch.org/resolver/RRID:SCR_015054)) alignment was performed \[[@bib27]\]. Augustus software (Augustus, [RRID:SCR_008417](https://scicrunch.org/resolver/RRID:SCR_008417)) \[[@bib28]\] was used for *de novo* prediction. Complete gene sets were selected separately from the aforementioned homology prediction results. Then, 2,000 gene sets were selected at random from the 8 species, and perfect genes were selected for Augustus training. The Augustus prediction result for the *E. pela* genome was 19,941 genes. In addition, the transcripts were used to supplement the gene sets. RNA-sequencing data were aligned with the genome. StringTie software (StringTie, [RRID:SCR_016323](https://scicrunch.org/resolver/RRID:SCR_016323)) was used for assembly, Cuffmerge (Cuffmerge, [RRID:SCR_015688](https://scicrunch.org/resolver/RRID:SCR_015688)) was used to merge the results and delete redundant reads, and Cuffcompare was used to compare results and obtain the transcript set \[[@bib29]\]. Genes predicted by these 3 methods were then integrated into 1 non-redundant gene set, and 1 more complete gene set using GLEAN software \[[@bib30]\]. Finally, protein databases (SwissProt, TrEMBL, KEGG, InterPro, and Gene Ontology \[GO\]) were used to annotate the protein functions of the gene sets. Our genome was compared aginst the database of Arthropoda genomes. The complete BUSCO score was 83.2%.

A total of 12,022 protein-coding genes were predicted using a combination of *de novo*, RNA-sequencing, and homolog prediction. The number of predicted genes in *E. pela* was similar to that in *D. melanogaster* (13,689), *P. humanus* (10,769), and *A. mellifera* (10,660), and lower than that in *N. lugens* (27,571) \[[@bib21]\], *A. pisum* (33,267) \[[@bib22]\], *S. furcifera* (21,254) \[[@bib20]\], and *B. tabaci* (20,786) \[[@bib19]\]. A total of 87.99% of the gene sets genes were functionally annotated (Table [3](#tbl3){ref-type="table"}).

###### 

Functional annotations of the *Ericerus pela* genome

   Annotations          No. (%)
  --------------------- ----------------
  Total                 12,022 (100)
  Nr-Annotated          9,176 (76.33)
  Nt-Annotated          10,255 (85.30)
  Swissprot-Annotated   8,536 (71.00)
  KEGG-Annotated        8,628 (71.77)
  COG-Annotated         4,398 (36.58)
  TrEMBL-Annotated      10,320 (85.84)
  Interpro-Annotated    9,609 (79.93)
  GO-Annotated          3,875 (32.23)
  Overall               10,578 (87.99)

Abbreviations: COG, cluster of ortholog genes; GO, gene ontology Nr, NCBI non-redundant protein sequences; Nt, NCBI non-redundant nucleotide sequences.

The mean coding sequence length in *E. pela* was 1,370 bp, which was slightly longer than that in *N. lugens* (1,135 bp) \[[@bib21]\] and shorter than that in *S. furcifera* (1,577 bp) \[[@bib20]\]. The mean intron length was 1,673 bp.

Fatty acyl-CoA reductase genes (*far*) and acyltransferase genes are related to wax secretion \[[@bib3]\]. Twenty-six *far* genes were found in the *E. pela* genome, which is a moderate number compared with that in other Hemiptera insects (*A. pisum*: 34; *Diuraphis noxia*: 27; *Diaphorina citri*: 46; and *B. tabaci*: 25). However, a total of 35 acyltransferase gene family members were identified in the *E. pela* genome, which was larger than the number identified in the other 4 hemipteran insects (*A. pisum*: 15; *D. noxia*: 13; *D. citri*: 16; and *B. tabaci*: 25).

Noncoding RNA annotation {#sec1-6}
------------------------

Transfer RNA (tRNA) was identified according to structure, using tRNAscan-SE software (tRNAscan-SE, [RRID:SCR_010835](https://scicrunch.org/resolver/RRID:SCR_010835)) \[[@bib31]\]. Ribosomal RNA (rRNA) was identified by BLASTN alignment, using the rRNA sequences from closely related species as query sequences. MicroRNA and small nuclear RNA were predicted using INFERNAL software (Infernal, [RRID:SCR_011809](https://scicrunch.org/resolver/RRID:SCR_011809)) in Rfam, according to the covariance model in Rfam \[[@bib32]\]. Noncoding RNA, including rRNA, tRNA, nuclear RNA, and microRNA, was identified in the *E. pela* genome ([Additional Table S3](#sup11){ref-type="supplementary-material"}).

Gene phylogenomics {#sec1-7}
------------------

The gene sets of 14 species were filtered to obtain high-quality gene sets. Gene clusters were identified using OrthoMCL software \[[@bib33]\]. Single-copy and multiple-copy gene families were obtained by homolog identification and gene family cluster analysis. Sixty-five single-copy gene families were identified across the 14 species.

Single-copy gene families were arrayed as a supergene after multiple sequence alignment. This supergene was used to construct a phylogenetic tree \[[@bib34], [@bib35]\]. Species divergence times were calculated according to the molecular clock, based on the 4-fold-degenerate codons of the single-copy gene families \[[@bib36]\]. The phylogenetic tree constructed on the basis of single-copy orthologs showed that *E. pela* formed a sister group with aphids (*A. pisum* and *D. noxia*), and this group formed a sister group with a psyllid (*D. citri*) ([Additional Figure S2](#sup11){ref-type="supplementary-material"}). This indicates that scale insects and aphids evolved more recently than other hemipteran insects, such as white flies and plant lice.

It was estimated that *E. pela* and aphids diverged ∼241.1 million years ago (MYA) (Fig. [3](#fig3){ref-type="fig"}). Fossils have shown that the ancestors of scale insects exhibited modern morphology by the Lower Cretaceous period (65--137 MYA). It is likely that the evolution of scale insects occurred even earlier---possibly during the mid-Mesozoic period (60--250 MYA) or before. Ancestral scale insects originally lived in the leaf-litter layer and sucked plant roots, similar to modern thrips \[[@bib13]\]. Angiosperms diversified until 90--130 MYA, so ancient scale insects must have fed on gymnosperms or fungi. Many of the unique features of scale insects, such as wax secretion and appendage reduction, are considered legacies from their ground-dwelling ancestors. The phylogenetic tree indicated that *E. pela* diverged from aphids ∼241.1 MYA. This timescale supports the early evolution of scale insects. Furthermore, it is consistent with the idea that the specializations of ancestral scale insects led to myriad unusual features and that a subsequent parasitic lifestyle on angiosperms further favored appendage reduction and wax secretion.

![The estimated divergence time between 14 arthropod species. The number at each node is the divergence time in million years ago (MYA). The 2 divergence times used for calibration of branch divergence times are marked with red dots at the node.](giz113fig3){#fig3}

TreeFam \[[@bib43]\] was used to define gene families comprising a group of genes descended from 1 gene of the most recent common ancestor \[[@bib44]\]. CAFÉ software was used to detect gene family expansion and contraction (*P* \< 0.05) \[[@bib45]\]. There were 214 expanded gene families and 2,219 contracted gene families in *E. pela* (Fig. [4](#fig4){ref-type="fig"}). Two gene families were completely absent from the *E. pela* genome ([Additional Table S4](#sup11){ref-type="supplementary-material"}): these families were related to RNA-directed DNA polymerase from mobile element jockey-like, and glutathione S-transferases (GSTs). GSTs are thought to be important in stress response and insecticide/drug resistance \[[@bib46]\]. The gene family contraction of GSTs in *E. pela* may be explained by the relaxation of natural selection because of the protective function of the white wax layer.

![Phylogenetic tree showing gene family contraction and expansion in *Ericerus pela* compared with 13 other species. The green numbers under the branch represent the number of expanded gene families, and the red numbers represent the number of contracted gene families. The green part of the pie is the percentage of expanded gene families, the red part is the percentage of contracted gene families, and the blue part is the percentage of gene families that remain unchanged.](giz113fig4){#fig4}

In addition, we found 1 gene family with members almost unique to *E. pela* ([Additional Table S5](#sup11){ref-type="supplementary-material"}), related to aldo-keto reductases (AKRs). AKRs reduce a variety of carbonyl-containing compounds to corresponding alcohols in the presence of NADPH \[[@bib49]\]. Alcohols are 1 of the 2 substrates used to form wax esters.

Expanded and contracted gene families were selected for further functional analysis. The Blast2GO (Blast2GO, [RRID:SCR_005828](https://scicrunch.org/resolver/RRID:SCR_005828)) and BLAST programs were used to perform GO \[[@bib52]\] and KEGG orthology analyses \[[@bib53]\]. GO analysis showed that the contracted genes were mainly involved in functions such as microtubule-based movement, and movement of cell or subcellular components, which may be responsible for the insect\'s sedentary lifestyle on plants. Expanded genes were mainly related to nucleic acid binding, organic cyclic compound binding, and protein dimerization activity. KEGG analysis indicated that some contracted genes were related to cardiac muscle contraction ([Additional Figure S3](#sup11){ref-type="supplementary-material"}). Many of the expanded genes were related to lipid metabolism, such as fatty acid elongation, fatty acid degradation, glycerolipid metabolism, and steroid hormone biosynthesis ([Additional Figure S4](#sup11){ref-type="supplementary-material"}). Lipid metabolism is vital for gross changes in the body shape of the female *E. pela* insect \[[@bib5]\]. The fatty acids in lipid metabolism are key substrates for wax biosynthesis in *E. pela*.

Potential Implications {#sec2}
======================

Scale insects have considerable diversity in terms of evolutionary lineages, morphology, species richness, and genetic systems. Scales are important features of many agricultural pests and invasive species. However, the relationships between scale insect families are uncertain, despite \>100 years of phylogenetic studies. Sequencing the genome of scale insects will help to show where they belong on the scale insect superfamily tree. The genomic data will also help determine the phylogenetic relationships between insects, and reveal the genomic basis of insect evolution and environmental adaptation. With the increasing availability of insect genome sequences, we gain global perspectives that enable research on the mechanisms of the life activities of insects, and the mechanisms underlying different biological characteristics. Some insect genome sequence projects, such as i5k \[[@bib54]\] and TOP1000, will provide new insights and accelerate insect research.

Conclusions {#h1content1567017057901}
===========

Here, we present the first genome for the Coccidae family of scale insects. The assembled *E. pela* genome and its evolutionary analysis are important and may provide insights into the mechanisms underlying the wax secretion trait. These data may also shed light on the evolution of the unique features of scale insects living in exposed environments. The *E. pela* genome provides essential information for important functional gene mining and for further evolutionary analysis.

Availability of supporting data and materials {#sec3}
=============================================

The dataset supporting the results of this article is available from the GenBank repository under accession number [QBOQ00000000](QBOQ00000000) and BioProject number [PRJNA448657](PRJNA448657). All supporting data and materials are available in the *GigaScience* GigaDB database \[[@bib55]\].

Additional files {#sec4}
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Additional Figure S1. The distribution of sequence divergence rates for transposable elements in the *Ericerus pela* genome, as predicted by *de novo* and homology-based approaches.

A. Transposable elements (TEs) in the *Ericerus pela* genome, as identified by a *de novo* approach. B. TEs in the *E. pela* genome, as identified by a homology-based approach. Abbreviations: LINE, long interspersed nuclear element; SINE, short interspersed nuclear element; LTR, long terminal repeat retrotransposons; DNA: DNA transposons.

Additional Figure S2. The phylogenetic tree of 14 arthropod species based on gene orthology

Thirteen insect species and *Hydra vulgaris* were used for the analysis. The bootstrap values are shown on the branches.

Additional Figure S3. The KEGG classification of contracted genes in *Ericerus pela*

Additional Figure S4. The KEGG classification of expanded genes in *Ericerus pela*

Additional Table S1. Summary of *Ericerus pela* sequencing data, derived from Illumina and Pacific Biosciences platforms

Additional Table S2. Genome size estimation by 17-mer analysis

Additional Table S3. Noncoding RNA in the *Ericerus pela* genome

Additional Table S4. Gene family contraction of 14 species (*P* \< 0.01)

Additional Table S5. Gene family expansion of 14 species (*P* \< 0.01)
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